Based on the previous finding that 5hydroxytryptamine (5-HT) co-exists with norepinephrine (NE) in cerebrovascular sympathetic nerve fibers and can be released during electrical nerve stimulation, the post junctional interaction between the two amines was studied in isolated basilar artery of guinea pig. A low concentration of 5-HT, which in itself has little or no constrictive effect, potentiated the weak contraction of NE by almost 300%. The amplification was antagonized On the basis of immunohistochemical studies in combination with denervation experiments, it has been shown that serotonin ( 5-hydroxytryptamine, 5-HT) is present together with norepinephrine ( NE) in sympathetic fibers supplying the pial arteries at the base of the brain ( Chang and Owman, 1986; Chang et aI., 1988b). The 5-HT stored in the cere brovascular sympathetic nerve fibers can be re leased upon electrical stimulation ( Verbeuren et aI., 1983; Saito and Lee, 1987; Chang et aI., 1989). To elucidate the functional significance of the co stored and co-released 5-HT, it is important to study its interaction with NE in the vascular re sponse and to define the types of receptors in volved. In peripheral vessels it has been known since the studies by De la Lande et aI. (1966) that 5-HT potentiates the vasoconstrictive effect of NE (e.g., Carroll et aI., 1974; Moritoki and Su, 1981;
Usually, the receptors mediating the vasoconstric tive and potentiating effects are of the same subtype and involve mostly the 5-HT2 receptor ( Van Nueten et aI., 1981 Medgett et al., 1984; Van Nueten and Janssens, 1986) . It has been shown that the post junctional receptors associated with the 5-HT-induced constriction of the basilar artery are 5-HTt-like in the guinea pig, whereas they are of the 5-HT2 type in the rat .
METHODS
Male guinea pigs weighing 350-500 g were used. They were anesthetized with diethyl ether, and the brain was quickly removed and immersed in a modified Krebs Ringer solution (for composition, see below) at room tem perature. The basilar artery was taken out under a dis section microscope. Ring segments of 1-2 mm in length were cut and mounted between two "L"-shaped stain less-steel holders in 2.5-ml mantled organ baths filled with the Krebs-Ringer solution and aerated by 11.5% CO2 in O2 at 37°C. One holder was connected to a Statham FT03C force-displacement transducer and the other was adjusted to give a resting tension of -1.5-2 mN, which was maintained by repeated adjustments during a 6O-min accommodation period. Isometric tension changes were recorded on a Grass model 7B polygraph.
In the studies of the amine interaction in the contractile response, NE was added in single concentrations into the bath followed by washout. After two reproducible re sponses were obtained with lO-min intervals, 5-HT (3 x 10 -9 M) was administered 2-3 min before and was present throughout application of the test concentration of NE. After thorough washing, another response to NE alone was established. The mean amplitude of the NE response before and after the 5-HT + NE test was taken as 100%. The response before adding 5-HT, as well as the net contractile response to NE immediately after 5-HT had been added, were compared with this mean value. In this way also the NE control values depicted in Fig. 2 could be calculated. The antagonists were injected into the bath 10 min before the combination of 5-HT + NE was added.
The following drugs were used: 5-hydroxytryptamine creatinine sulfate (Sigma), L-noradrenaline hydrochloride (Sigma), ketanserin tartrate (Janssen), methiothepin maleate (Roche), and methysergide hydrogen maleate (Sandoz). The modified Krebs-Ringer buffer solution had the following composition (mM): NaCI 118, KCI 4.5, CaClz . 2HzO 1.5, MgS04 . 7H20 1.5, NaHC03 25, KHzP04 1.0, and glucose 6.0.
Student's t test was used to compare the difference between two experimental groups, and analysis of vari ance followed by the Newman-Keuls multiple range test was applied to compare differences between more than two experimental groups. A value of p < 0.05 was con sidered as a significant difference.
RESULTS
A low concentration of 5-HT (3 x 10-9 M) alone induced a minor or sometimes negligible vasocon striction, whereas it markedly augmented the weak vasoconstriction of NE at concentrations ranging from 10-7 to 10-5 M (Fig. I) . In some vessel seg ments, NE at the lowest concentration had no va soconstrictive effect at all, but a contraction ap peared after pretreatment with 5-HT and disap peared again after 5-HT had been washed away.
The mean values for the relative changes in con traction induced by a standard concentration of 10-5 M NE [which gives �90% of the maximum contraction (Chang et aI., 1988a) ] are illustrated in Fig. 2 , showing the nearly 300% increase in the presence of 3 x 10-9 M 5-HT. The 5-HT2 receptor antagonist ketanserin (3 x 10-9 M) did not signifi cantly influence the amplification produced by the indole. On the other hand, the antagonist for the 5-HT clike receptor methiothepin at the same con centration markedly depressed the potentiating ef fect of 5-HT ( Fig. 2a ), which was now only 31% above the control level (p > 0.05). In the presence of methiothepin alone, the NE-induced contraction (107%) was not significantly different from the con trol response (p > 0.05), as shown in Fig. 2b .
The potentiating effect of 5-HT on the NE con traction was not significantly altered by pretreat ment with 10-6 M methysergide (Fig. 2c ). To inves tigate if methysergide had a potentiating effect by itself on the NE-induced vasoconstriction, the ves sels were preincubated with the antagonist for 10 min. The vasoconstriction subsequently induced by NE was greatly enhanced, reaching a mean value of 209% of control (p < 0.01), though the effect was less pronounced than in the combination of the same concentration of methysergide with 5-HT ( Fig. 2c) .
DISCUSSION
Evidence is provided for a potentiating effect of 5-HT on the NE-induced vasoconstriction of the basilar artery of guinea pig. The particular signifi cance of this finding is related to the immunohisto chemical observation (Chang and Owman, 1986; Chang et aI., 1988b ) that 5-HT and NE are stored together in sympathetic nerve terminals of the pial arteries in this animal, and the evidence that 5-HT, which is readily taken up into the cerebrovascular nerves, is released during electrical activation (Ver beuren et aI., 1983; Levitt and Duckles, 1986; Saito and Lee, 1987; Chang et aI., 1989) .
In a previous study the effects of different amines on cerebral arteries from guinea pig and rat were compared (Chang et aI., 1988a) . It was found in the guinea pig that NE behaves as a very weak vaso constrictive agent acting on IXI-adrenoceptors, while 5-HT produces relatively strong vasoconstric tion via 5-HT I-like receptors. These latter are rela tively resistant to the specific 5-HT 2 receptor antag onist ketanserin but efficiently blocked by me thiothepin, which interacts with the so-called 5-HT I-like receptors (Bradley et aI., 1986) . When 5-HT and NE are released together from sympathetic nerve terminals, they may stimulate their individual post junctional receptor to cause vasoconstriction. In addition to this, there are two ways in which 5-HT may be involved to economize the effect of the .0200 noradrenergic transmitter on the cerebral vessels: through a prejunctional inhibitory action on the NE release or, as shown in the present report, a postjunc tional potentiation of the NE-induced vasoconstric tion.
In peripheral vessels the receptors mediating 5-HT -induced vasoconstriction and amplification seem to be well correlated with each other and usu ally involve 5-HT 2 receptors (Van N ueten et aI., 1981 (Van N ueten et aI., , 1982 Medgett et aI., 1984; Van Nueten and Janssens, 1986) . Different receptors mediating the two types of effects have been found in perfused rat mesenteric artery, in which the contraction of 5-HT is blocked by ketanserin and other 5-HT2 receptor antagonists, leaving the potentiating effect un changed. The latter could be antagonized only by the nonselective antagonist methysergide, suggest ing involvement of some other receptor (Seabrook and Nolan, 1983) . In the present study, the receptor mediating the potentiation bears close resemblance to that producing vasoconstriction (Chang and Owman, 1988a) ; i.e., it is resistant to ketanserin but susceptible to methiothepin, which partly fits the criteria for 5-HTclike receptors (Bradley et aI., 1986) . Since both ketanserin and methiothepin share a common affinity also to <Xj-adrenoceptors (Leysen et aI., 1981) , the concentration used in the present study was carefully adjusted to 3 x 10-9 M, which exceeds the Kd value of ketanserin in its in teraction with 5-HT2 receptors (Leysen et aI., 1982) and abolishes the potentiating effect of 5-HT in the rat caudal artery (Van Nueten et ai., 1981) . Me thiothepin at the concentration used had no direct effect by itself on the NE-induced vasoconstriction, confirming that its inhibition was directed primarily to the amplifying effect by 5-HT. This effect of 5-HT was not altered by methysergide. The reason may be that, besides its properties as a 5-HT antag onist, methysergide also acts as a partial agonist on 5-HT receptors, particularly the 5-HTJ receptors (Apperley et aI., 1980; Peroutka, 1984) . Moreover, a potentiating effect of methysergide itself on the NE-induced vasoconstriction has been observed in different species (Saxena, 1972; Carroll et ai., 1974; Tsuji and Chiba, 1984; Jandhyala and Kivlighn, 1987) , which was also found in the present study.
The mechanism underlying the amplifying action of 5-RT is yet unclear. It may involve depolariza tion of the smooth muscle membrane, as pointed out by Mulvany et al. (1982) , who showed that po tassium-induced depolarization is associated with an increase in the sensitivity to NE in small mesen teric arteries of rats. Evidence also has accumu lated for a depolarizing effect of 5-RT on the basilar artery of the guinea pig (Karas him a and Kuriyama, 1981) , though the concentration causing depolariza tion is considerably higher than that needed to ob tain a marked potentiation effect. Another possible mechanism is related to mobilization of calcium ions from extracellular and/or intracellular calcium pools (Manzini et al., 1986) . Alterations of the re ceptor configuration should also be considered.
In conclusion, the present study demonstrates a potentiating effect of 5-RT on the NE-induced va soconstriction of guinea pig basilar artery. The ef fect seems to be mediated by 5-RTJ-like receptors and is mimicked by methysergide. In line with pre vious findings of a co-existence of the two mono am ines in cerebrovascular sympathetic nerve fibers and the possibility for nerve stimulation-induced release of 5-RT, probably along with NE, it is sug gested that the indole may act as a neuromodulator to regulate sympathetic function in the cerebral cir culation.
